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Introduction
Hypospadias is a common disorder of the male external genitalia with an incidence estimated at 2-43 per 10,000 live births [1, 2] . It may occur as isolated, non -syndromic hypospadias or as part of a complex genitourinary malformation syndrome. Non-syndromic cases are generally considered to be multifactorial in their origin, but familial aggregation has been reported, encouraging mutation analyses that supported the argument for a strong genetic component in their pathogenesis [3] [4] [5] .
Among the many genes suspected to play a role in the normal embryonic development of external genitalia, Wilms' tumor 1 (WT1) is traditionally considered as an important regulator of early stages, as its mutations often cause severe, syndromic cases of hypospadias [6] . However, alterations in the sequence of exon 1 and 2 have also been suggested to be responsible for isolated hypospadias [7] .
WT1 encodes a unique transcription factor that may up-or down-regulate the activity of the same promoters depending on tissue-specific cofactors binding to the WT1 protein [8] . One such cofactor is WT1-interacting protein (WTIP) that may contribute to the dysregulation of podocyte phenotype by shuttling into the nucleus upon injury [9] . Apart from the protein's putative role in kidney function, haploinsufficiency of WTIP has been suggested as a possible cause of hypospadias [10] .
We hereby report findings obtained by WT1 mutation analysis and WTIP copy number detection of 13 Hungarian patients with hypospadias.
Materials and Methods
Our sample consisted of 13 children born in Hungary, aged from 7 months to 13 years (median age 6 years) presented with isolated hypospadias. Written informed consent was obtained from the parents of all patients according to the Declaration of Helsinki. Patients' birth weight ranged from 2,150 to 4,350 g (median 2,550 g), while gestational age at birth ranged from 34 to 41 weeks (median 36 weeks). A summary of all enrolled cases including the location of the urethral meatus and our findings can be seen in table 1. We studied 1 glandular, 5 coronal, 2 subcoronal, 3 penile and 2 penoscrotal cases of hypospadias. Our sample included 2 families, one with 2 and one with 3 brothers all affected by the disease -these should be considered separately from sporadic forms of the disease (table 1) . We extracted DNA from the samples using GenElute Blood Genomic DNA Kits (by SIGMA), used a traditional PCR to amplify a region of exon 1 of the WT1 gene that seemed the most relevant from the literature (5'-TTCGGCTTACGGGTCGTTG-3' as forward and 5'-CGCTTCCGCTATCCTCACG-3' as reverse primer), and sequenced the PCR products.
We also analyzed WTIP copy number in the samples using an Applied Biosystems 7500 Real Time PCR System and copy number assays provided by Applied Biosystems aimed at the target gene WTIP (product ID: Hs04008735_cn) and a control gene RNase P ("Taqman Copy Number Reference Assay, RNase P, Human"). The software CopyCaller (version 1.0) was used to assess copy number variations in the target gene based on slight differences between registered qRT-PCR plots.
Results
Sequencing WT1 exon 1 in all patients, the only variation we observed was the nucleotide transition 390C-T. The minor (T) allele was found in heterozygous form in 5 cases of non-syndromic hypospadias: 3 with a coronal, 1 with a subcoronal and 1 with a penile manifestation (table 1). In 3 brothers showing hypospadias, the transition was found in one but absent in 2 sibs, raising the possibility of a more influential monogenic defect in the background, while in the other observed family, both brothers with hypospadias showed the 390C-T transition, which might suggest a possible role by the allele in the pathogenesis.
WTIP copy number in DNA samples obtained from the same set of patients did not show any variations (table  1) .
Discussion
The C-T transition we found in the WT1 gene at position 390 was originally reported by Wang et al. [7] . They observed it in 2 of 90 Chinese non-syndromic hypospadias patients, and also reported two more mutations: a G-A transition in exon 1 and a C-T transition in exon 2, each one detected in a single patient. Overall, they found heterozygous sequence alterations of the WT1 gene in 4 of 90 patients. At that time, little was known about the worldwide frequency of transition 390C-T.
Based on exome and whole genome sequencing data made available during recent years, the T allele at position 390 is frequent enough to be considered as a polymorphism (rs2234583) in most populations: it has a global frequency of 7.77 percent according to the latest build of the dbSNP database [11] . Its frequency is lower in Europe (3.33-7.26%), high in Africa (27.5-32.75%) and very low in East Asia (0.79%). The T allele was not observed in any of the studied 366 unrelated Chinese individuals without hypospadias [7, 11] , suggesting that in the Chinese population (and probably some others) this 
Buglyó/Magyar/Biró/Csízy/Beyer/ Molnár/Oláh nucleotide transition should be considered as a mutation rather than a polymorphism on the basis of its rarity. Using a traditional PCR-based approach, we had to specify a narrow genomic region to study and did not have access to the data output of whole-genome sequencing methods. Still, our results obtained by WT1 exon 1 sequencing in non-syndromic hypospadias patients (presented in table 1) raise some questions. Given how rare the 390T allele is in WT1 gene copies of healthy European individuals, our findings seem to support the observation made by Wang et al. [7] despite the small sample size -it needs to be confirmed whether the variant is indeed a risk factor for non-syndromic hypospadias. Unfortunately, WT1 SNP rs2234583 was not included in either one of the recent large-scale association studies aiming to reveal genetic polymorphisms in the background of isolated hypospadias in Californian and Northern European populations [12, 13] .
Based on their own patients and further cases from the literature, Gana et al. [10] attempted to assign phenotypic features of the 19q13.11 deletion syndrome to the haploinsufficiency of individual genes in the region. They argued that hypospadias (when present) is most likely due to the heterozygous deletion of WTIP. As multiple deletions of different extent had been reported in region 19q13.11 [14] , we decided to investigate if WTIP may suffer a microdeletion leaving other genes in the region intact and causing hypospadias, which might be more common than a complete form of the 19q13.11 deletion syndrome. Having obtained a negative result from a small sample of 13 patients certainly cannot be considered as conclusive, but it does not seem to support that hypothesis. When studying the putative pathogenic role of WTIP haploinsufficiency proposed by Gana et al. [10] , it should be noted that the protein may have functions in addition to regulating genitourinary development, such as epithelial ciliogenesis [15] or retinoic acid signaling in the epicardium [16] , so a deficiency involving WTIP might not be a likely cause in a case of isolated hypospadias.
According to certain authors [6], a reason why the role of genetic factors in the background of hypospadias is so difficult to determine is that many of them have larger influences in combination with other factors, due to gene-gene and gene-environment interactions. Such may be the case for WT1 polymorphism rs2234583, which shows a surprising level of geographical variation in allele frequencies, raising the possibility that its minor allele might be disease-associated in certain populations but not in others [17] . While the polymorphism has been completely overlooked by genome-wide association studies, smaller-scale evidence available in the literature and gained from our own contribution based on an Eastern European population may imply a role in non-syndromic hypospadias, and we argue that it would justify further, larger-scale investigations.
